The zwitterion 4-hydroxycoumarin derivatives were synthesized through an enzymatic catalyzed reaction by using laccase as a bio oxidant in acetate buffer. Performing the reaction in aqueous and aqueous-organic solvent systems showed that the aqueous system was suitable for this biocatalysts'.
Laccases, an interesting group of oxidases which have been detected in various species of plants, some bacterial strains (e.g. Azospirillum lipoferum, Alteromonas sp.), a variety of insects, and many fungi, received much attention due to their unique properties such as catalyzing transformation of a large number of phenolic and nonphenolic compounds and also radical polymerization with the enzyme mediator systems.
1 These make laccases very suitable to use in a wide range of biotechnological processes including detoxification of industrial effluents of paper, pulp and textile industries, bioremediation of water and soil contaminants, selective removal of phenolic compounds from beverage, wine and fruit juices for stabilization and preparation of cork stopper, etc. 2 Laccase-based reactions have also been developed duo to the need for accurate, sensitive, low cost and simple operation methods for analytical and synthetic applications in different fields including pharmaceutical, environmental, clinical, and biomedical areas. 3 Among the enzyme catalyzed organic synthesis, reactions in which air employs as an oxidant, represent environmental friendly process, because they perform in aqueous media and the oxidant will be converted to water, that is a nontoxic byproduct. 4 The synthesis of dihydrocaffeateic acid derivatives, actinocin, cinnabarinic acid, substituted triazolobenzothiadiazinones and also dimer compounds such as estradiol, and bisphenols, etc. are some examples of the application of this phenol-oxidase enzyme. 5 In addition, laccase could be applied in the oxidative coupling of hydroquinone, mithramicine, and oxidation of imidazole derivatives. 6 Coumarins and their derivatives are an important group of natural products which applied as optical brighteners, laser dyes and additive in food industries, etc. 4-Hydroxycoumarins also present a wide range of biological activities including antimicrobials and chemotherapeutics. Coumarin-based dyes exhibit high photostability and quantum yield, and duo to these properties are often used in biological applications such as determination of polarity surface of micelles, germination of seeds, and influences on DNA bases. 8 While the plants are one of the most important sources of coumarinic compounds but in low quantities, many chemical methods have been investigated for the synthesis of coumarins such as Perkin and Wittig reactions, Pechmann condensation, and Claisen rearrangement. Among them, Pechmann condensation is the widely used technique reacts between β-ketosters and phenols in presence of acidic catalysts such as concentrated sulfuric acid, phosphorous pentoxide, trifluroacetic acid, zirconium chloride, and heteropolyacids. 9 2,4-Chromandione which shows considerable nucleophilic activity was recognized as the keto-enol tautomer of 4-hydroxycoumarin and variety of 4-hydroxycoumarin derivatives with interesting biological activity synthesized through utilizing this nucleophilicity. 10 The present study is focused on the synthesis of coumarin derivatives using laccase in aqueous solution. ρ-Quinones were in situ generated via enzymatic oxidation of ρ-hydroquinones 1 by using laccase in acetate buffer. They were further reacted with 4-hydroxycoumarin and pyridines 2. Zwitterionic 4-hydroxycoumarin derivatives were then synthesized (Scheme 1) and their related structures were illustrated by 1 H NMR, 13 C NMR, IR, and mass spectrometry.
The substrates of laccase were ρ-hydroquinones and the oxidized products formed in the absence of 4-hydroxycoumarin and pyridine, whereas after addition of enzyme to the mixture contained coumarins, no reaction was observed. Enzymatic initiated reaction between ρ-hydroquinone 1a and 4-hydroxycoumarin and pyridine 2a was examined to find the suitable reaction conditions (Fig. 1) . Extracellular laccase, which purified from the submerged fermentation of the soil isolate ascomycete Paraconiothyrium variabile, was the source of the biocatalyst.
11 Further studies demonstrated that acetate buffer (pH 4.5, 0.1 M) at 45°C was the best condition for this bioreaction. A variety of ρ-hydroquinones and pyridines were then used as substrates (Table 1) . Obtained results showed that yields of reactions were depended on the steric effects of substitute pyridines. The yield of methylpyridine and 2,4,6-trimethylpyridine (Table 1 , entry 2 , 3) was lower than pyridine (Table 1 , entry 1). This difference shows that surrounding space of free electrons in the nitrogen atom effects on the yield of reaction because the crowded nonbonding electrons decrease the efficiency of nucleophilic attack. The protons adjacent of nitrogen atom are different and located at δ 9.01 and δ 8.59, respectively, which prove a restricted rotation for pyridine. A possible mechanism of 4a formation is presented in Scheme 4. In this process, the first step is the oxidation of ρ-hydroquinone 1a by laccase in the presence of O 2 to ρ-quinone 1 which then undergoes the Michel addition with 4-hydroxycoumarin and gives the intermediate 2 which is unstable and subsequently generated coumarin derivative 3 by auto-oxidization. Finally pyridine attacked to coumarin derivatives 3 at 3-position to obtain the product 3a. 12 The reaction was also carried out in aqueous-organic (1:1) solvent systems including ρ-dioxane/acetate buffer, dimethyl sulfoxide/acetate buffer, ethanol/acetate buffer and acetone/acetate buffer. Data showed that the related yield of products decreased significantly which may due to decline of laccase activity in the mixed solvent systems. In the present study, an enzymatic synthesis of 4-hydroxycoumarin derivatives was described in aqueous solution which utilizes laccase as a green biocatalyst. The enzyme oxidized ρ-hydroquinones and generated ρ-quinones in situ that underwent Michel addition reaction to produce 4-hydroxycoumarin which finally attacked by pyridine to synthesize zwitterionic compounds. This reaction is a typical example of the laccase utilization in organic synthesis which may develop its applications in green chemistry.
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